BACKGROUND: Intra-abdominal adhesions are still a major problem which is expected to be reduced by the provision of bacterial decontamination. Various antibiotics have been used to prevent the formation of adhesion in the septic abdomen. This study aims to investigate the efficacy of ertapenem in sepsis of rats induced by cecal ligation and puncture.
INTRODUCTION
Sepsis is an important cause of mortality and morbidity. Studies have shown that inflammatory mediators and cytokines are released during sepsis. [1] Increased cytokine levels have been shown to correlate with the severity and mortality of the sepsis. [2] a decrease in bacterial contamination and inflammation. [3] A previous study evaluated the potential effects of several antibiotics used intra-abdominally, and it was reported that the degree of adhesiveness was lower in the antibiotic-treated groups than in the saline-treated control group. [4] However, to our knowledge, to date, there has been no comparison made of the dosages and durations of antibiotics, which remained under-researched.
The present study aimed to investigate the effects on the formation of adhesions and cytokine levels of ertapenem lavage administered at different doses and durations in an experimental abdominal sepsis model.
MATERIALS AND METHODS
The present study was conducted with the approval of Dokuz Eylül University Animal Experiment Ethics Committee (İzmir, Turkey). This study was performed on 28 Wistar strain male rats, each aged six months and weighing 200-250 g. All the rats were housed in standard animal chambers and cages at a room temperature of 20-22° C in the Animal Laboratory of Dokuz Eylül University, with a relative humidity of 50-60% and at 12/12 hours dark/light cycle until the end of the experiment. The rats were fed with standard feed and water (ad libitum). During the experiment, the rats were weighed daily, and the feed per cage and water consumption were monitored.
Surgical Procedure
The rats were anesthetized using 45 mg/kg ketamine and 5 mg/kg xylazine intraperitoneally. Uncontrolled sepsis was established in rats with a procedure of cecal ligation and puncture. The rats were fasted for 12 hours before the first operation. The anterior abdominal wall was cleaned with 10% povidone-iodine and shaved. With a 3 cm incision to the abdominal wall, the abdominal cavity was opened under sterile conditions. The cecum was identified and dissected without any damage to the vascularization. The cecum was then ligated with 4/0 silk suture from the proximal of the ileocecal valve. The cecum was punctured twice with 22 gauge needles in the antimesenteric (avascular) region. After completion of these procedures, the anterior abdominal wall was sutured with 3/0 silk suture. All rats underwent fluid replacement with subcutaneous administration of 5 ml sodium chloride, and postoperative analgesia of 5 mg/kg xylose was administered subcutaneously.
The rats were randomly separated into four groups one day after the surgical procedure. The first group was accepted as the sham group. Abdominal lavage of 2 ml saline was administered to group 2 as the saline group. A single dose of ertapenem (15 mg/kg, Invanz, MSD, Turkey) was administered intraperitoneally to group 3 and the same dosage of ertapenem (15 mg/kg, Invanz, MSD, Turkey) was administered intraperitoneally once daily for seven days to group 4.
All rats were reopened under anesthesia seven days after the first operation, and the abdomens were reopened and examined.
Evaluation Methods

1) Ascites evaluation:
The quantity of ascites in all groups was determined and measured in cc. Bacterial culture analysis was performed from the ascites collected from the rats before each application and at the end of the experiment. Specimens taken for aerobic culture were incubated at 35°-37°C for 24-48 hours, on a medium of 5% sheep blood agar, chocolate agar, and eosin methylene blue (EMB) agar. Samples taken for anaerobic culture were cultivated in 5% sheep blood agar added to chocolate agar, EMB agar, kanamycin and vancomycin and incubated in a GasPak jar at 35°-37°C for 48-72 hours.
2) Adhesion scoring: After seven days, the rats were sacrificed with high-dose ether. The abdomens were opened, and the terminal ileum and cecum walls were excised along with the adhesions on their surfaces. Adhesion scoring was applied to the materials examined according to the Bothin et al. method [5] (Table 1) . Each adhesion was scored with 1 point, and the total score was obtained. The ascites accumulated within the abdomen was then collected. 3) Histopathological evaluation: The tissues were fixed in formol, then, embedded in paraffin blocks after the followup period. Sections 4-5 micrometers in thickness were cut and routine hematoxylin eosin and tricorn staining was applied. Evaluation of the extent of inflammatory cell infiltration (early neutrophil, late plasma, and monocytic cell), maturation of granulation tissue, collagen deposition, fibrosis, re-epithelization and neovascularization of the sections was made under a light microscope by a pathologist. The Abramov histological scoring system was used for the evaluation. [6] Each parameter was evaluated independently. The Abramov system scoring is shown in Table 2 .
5) Biochemical and molecular evaluation:
Blood samples were taken from the vena cava at the end of the experiment. The serum was separated from the samples and stored at -80°C. TNF-alpha molecule was studied using enzyme-linked immunosorbent assay (ELISA). Rat ELISA kits (Biosource International Inc. Camarillo, CA) were used. Exclusion Criteria 1) Rats that lost 20% of body weight would be sacrificed by high dose ether and excluded from the experiment. 2) In the case of any rat which died before the completion of the experiment, the adhesion scoring would be applied.
6) Statistical analysis:
RESULTS
No rat died or lost more than 20% of its body weight during the experiment.
The adhesion scores of the groups were determined as median 2.5 (range: 1-3) in group 1, 11.4 (range: 6-15) in group 2, 4.67 (range: 1-6) in group 3, and 2.5 (range: 1-3) in group 4. The adhesion scores of the groups are shown in Figure 1 .
At the end of the antibiotic treatment, the decrease in the adhesion score was statistically significant (p<0.001).
The numbers of micro-organisms and colonies isolated according to the culture results of ascites from the rats are shown in Table 3 . The decrease in the number of colonies following antibiotic administration was not found to be statistically significant (p=0.109) ( Table 4 ). All the isolated microorganisms were identified as sensitive to ertapenem.
The histological scores of the groups are shown in Table 5 . The relationships between the antibiotic treatment and collagen deposit, neovascularization, fibrosis, and inflammatory cell accumulation were statistically significant in all groups (p<0.05 for all). There was no significant difference between the adhesion and histological scores when group 3 and group 4 were compared with each other (p>0.05).
When all the groups were evaluated, the TNF-α values were determined to be highest in group 2 and lowest in group 1. The TNF-α levels of the groups are shown in Figure 2 . The findings showed that there was a significant correlation between the TNF-α values and the adhesion score (p<0.05).
DISCUSSION
Adhesions occur as a result of the contact of two damaged peritoneum surfaces. Following a peritoneal injury, the balance between coagulation and the fibrinolytic system is disrupted in favor of coagulation. As a result, fibrin deposits form a matrix for the growth of fibrinocollagenous tissue. Thus, fibroblasts are stored in the extracellular matrix. If the matrix metalloproteinase proenzymes (MMP) break the extracellular matrix, this results in normal healing. If MMP is inhibited by tissue inhibitors, peritoneal adhesions occur. [7] Plasminogen-activator inhibitor (PAI) has been detected at high levels in peritoneal tissue and fluid during intra-abdominal infections, thereby inhibiting fibrinolysis. [8] Inflammatory exudate accumulating in bacte-Göl Serin et al. An evaluation of the effect of ertapenem in rats with sepsis created by cecal ligation and puncture rial peritoneal injury gives rise to fibrin deposits and adhesions. [9] In addition, fibroblasts invading the infection site contribute to the formation of collagen deposits and fibrous adhesions. [10] Adhesion is the first step in colonization and is an important virulence factor. Antibiotics exhibit anti-adhesive effects by inhibiting the expression of adhesions on the bacterial cell surface or by causing modifications in protein expression in bacteria. As a result, antibiotics prevent micro-organisms from binding to the cell surface. [11] Ertapenem is a carbapenem with a broad spectrum of effects. It has a limited effect against Pseudomonas Aeruginosa and Acinetobacter species, [12] and is therefore not expected to affect the resistance profiles of bacteria such as Pseudomonas spp. and Acinetobacter spp. as other carbapenems do. Ertapenem was preferred in this study because it is thought that future use will be more widespread due to the rational use of antibiotics and increased antibiotic resistance over time. No systemic antibiotic was administered, but the local antibiotic effect was evaluated in this study. The potential side effects of systemic antibiotics are thought to be reduced by the use of local antibiotics.
Peritoneal lavage, although previously attempted in the treatment of intra-abdominal infections and adhesions, does not have precise results. Various studies [4, 13, 14] have reported the use of saline, antibiotic and fibrinolytic agents given during peritoneal lavage. Today, there is no universally accepted peritoneal lavage method and solution. As a result of giving antibiotics with peritoneal lavage, both positive and negative results have been obtained on adhesions. In the peritonitis model performed by researchers, [15] the findings showed that administration of rifampicin with peritoneal lavage both reduced adhesions and improved survival. Similarly, in another study, [4] researchers applied peritoneal lavage with metronidazole, imipenem, ceftriaxone and cefazolin, and showed that cephalosporins and imipenem decreased adhesions in the septic abdomen. In contrast, some studies [16] determined that peritoneal lavage with cefazolin and tetracyclin increased abdominal adhesions in the thenon-septic abdomen. In another research [17] compared chloramphenicol, clindamycin, piperacillin, tobramycin, ceftriaxone, and imipenem with saline, and reported that more adhesions occurred in the antibiotic groups compared to the saline group. In the present study, a statistically significant reduction was detected in the adhesion score at the end of antibiotic administration (p<0.001). There was also a significant correlation between antibiotic administration and reduction of the histological score (collagen deposit, fibrosis, inflammatory cell accumulation, neovascularization) (p<0.005).
Recent studies [18] showed that enteric bacteria and antigens increased adhesion formation after laparotomy. Epithelial repair and secondary wound healing, such as mesothelial regeneration, were seen to be affected by bacterial contamination. It has been thought that a reduction in bacterial contamination and decreased local and systemic inflammation will result in fewer fibrin deposits and intra-abdominal adhesions. [3] In the present study, there was a high correlation between adhesion score and number of colonies (r=0.539, p=0.003). No statistically significant decrease was found in the number of colonies in any of the antibiotic-treated groups in the current study (p=0.109). These may be attributed to various reasons, such as the late delivery of the acid materials in the laboratory and the inability to produce bacteria due to the difficulty in producing anaerobic bacteria.
Theoretically, agents that inhibit contact between the serosal surfaces for more than three days have the potential to inhibit the formation of adhesions. [19] In this study, a single dose of ertapenem was administered to one group, and multiple doses to the other group in the form of a single dose every day for seven days. As a result, a difference was observed between the two groups (single dose and multiple dose) in terms of the duration of antibiotic treatment and adhesion formation but not in respect of the histopathological evaluation (p>0.05). The findings obtained in this study suggest that in cases of surgically-treated peritonitis, irrigation with ertapenem may reduce the formation of adhesions.
TNF-α is an important mediator that has a role in early inflammation and also involved in the formation of adhesions by being released from the mesothelial cells. In a previous rat model experiment, a high level of TNF-α was detected in the peritoneal fluid and serum, correlated with the severity of adhesions. [20] In the present study, a significant correlation was also found between TNF-α level and the adhesion score.
For the findings of the current study to come into clinical use, some modifications need to be made in practice. No intravenous antibiotics were administered during this study, and only local antibiotics were used. Intraperitoneal antibiotherapy alone has been shown to inhibit the entire peritoneal bacterial reproduction, and although the effect was brief, it has been seen to continue if repeated at frequent intervals. [21] Another study showed that administration of antibiotic peritoneal lavage concomitantly with systemic antibiotics to patients in generalized peritonitis reduced mortality, morbidity, and length of hospital stay. [22] Therefore, in clinical practice, it can be considered that intraperitoneal antibiotic administration alone may not suffice, and it should be administered together with intravenous antibiotherapy. If the present study comes into clinical use, drainage may be required to perform intraperitoneal lavage. However, drainage may bring about serious complications that may require surgical intervention, such as wound infection, bleeding from the abdominal vessels, and, more rarely, intestinal obstruction and/or incarceration. [23] It is thought that rational antibiotic use and the use of single-dose intraperitoneal ertapenem during the surgical procedure may be beneficial and sufficient to reduce current surgical complications. Since intra-abdominal adhesions may cause chronic abdominal pain, infertility, and ileus at later stages, the current experiment may be considered to contribute to
